Abstract -The synthesis, structure and some properties of therrn6tropic liquid crystalline polymers with side xnesogenic groups are discussed. Approaches towards the synthesis of such systems are presented, as well as the data revealing the relationship between the molecular structure of the liquid-. crystalline polymers and the type of mesophase formed. The structure of smectic, nematic and cholesteric mesophases as well as models of chain packing in them are analyzed. The possibility to affect the strtcture of a liquid-crystalline polymer by an electric field is demonstrated.
INTRODUCTION
A new scientific trend related to the synthesis and study 0±' thermotropic liquid-crystalline (LC) polymers was formed and extensively developed in the field of chemistry and physics of high molecular weight compounds in the past decade (refs. [1] [2] [3] [4] [5] .
The general approach towards the synthesis of such systems is incorporation of mesogenic fragments into macromolecules with formation either of linear systems (A), or branching (comb-like) (B) , when me sogenic groups are found in the side chains: where x' and x" are the lengths of flexible and rigid fragments, respectively, x0 is the distance between points of branching, • is the attachment bridge.
An important role in the both cases belongs to the length of flexible fragments (spacers) linking either mesogenic groups with each other (A) or separating mesognic groups from the main chain (B). This above-mentioned pathway was the first time used in refs. (6) (7) (8) for the synthesis of LC comblike polymers (refe. 6-7) and linear systems (ref. 8) , it is currently universally adopted (ref. 5)*• Liquid-crystalline side chain polymers are obtained either by synthesis of monomers containing LC (mesogenic) groups with their subsequent homopolymerization (Pig.la) or by copolymerization with non-mesogenic (Pig.lb) or mesogenic compounds (Fig.lc) , or by attachment of molecules of low molecular weight liquid crystals to the polymer chain via polymer-analogous reactions (Pig.ld). These methods open in fact unlimited possibilities for combinations of different me sogenic fragments within macromolecules (ref. 11).
Among synthesized LC comb-like polymers, those of acrylic and methacrylic series, containing various types of widespread mesogenic fragments of lowmolecular weight liquid crystals (Schiff's base, cyanobiphenyl groups, * There are some other pathways of obtaining linear LC polymers when "foreign" units distorting the initial regular structure of the polymer chain are incorporated (refs. 9,10). Recently already several hundreds of LC comb-like polymers have been obtained and the possibilities given by synthesis are quite evidently far from being exhausted.
Therefore the number of "synthetic" papers increases, while that on studies of the structure and regularities of physico-chemical behavior of LC poly-. mers is still very small, in particular, in comparison with the papers on studies of physical properties of low molecular weight liquid crystals.
This situation is, probably, explained by two reasons. The first is that the synthesis of thermotropic LC polymers is still more difficult than that of low molecular weight liquid crystals. Hence, small amounts of substances are available for researchers. The second is the consequence of the firstmost synthesized LC polymers are available for polymer chemists and "synthesis" chemists. Without disparaging the merits of this group of researchers, it should be said that, this fact, naturally, restricts the use of the wide arsenal of physical methods of studies conventional for the low molecular weight liquid crystal researchers.
This paper presents the result of comb-like polymer structure studies and of some other studies carried out in general at Moscow State University; some of the data have been obtained in collaboration with the scientists of Kiev Institute of Chemistry of High Molecular Compounds of the Ukranian Academy of Sciences.
PECULIARITIES OF MOLECULAR STRUCTURE OF THERMOTROPIC LIQUID CRYSTALLINE SIDE CHAIN POLYMERS
Let us start from the common peculiarities of the structure of LC polymers containing side mesogenic groups. The macromolecules of these polymers are of dual nature. On the one hand, they are carriers of "polymeric" properties determined by the main chain. On the other hand, the side mesogenic grüps are carriers of mesomphicproperties. More complicated structure of LC polymers in compàiLon to that of1ow molecular weight crystals hampers studies of their properties and especially the interpretation of their physico-chemical behavior. As low molecular weight fragments are simultaneously carriers of liquid and crystal properties they are figuratively called centaurs, and then attachment of these centaurs to the polymer chain transforms them into peculiar polycentaurs and the behaviol6r of these complicated hybrids cannot be always predicted and cannot be always explained.
First let us consider briefly the role of each of the fragments of the macromolecule, i.e. of the main chainof the spacer,of the attachment bridge and of mesogenic fragments in LC state formation. 
temperature (T9) (the low limit) and the clearing temperature (Tee ), is much wider in the case of polymers than that in low molecular analogues.
b) The clearing temperature rises with increasing degree of polymerization (DP). It should be indicated that there is some critical value of DP starting from which does not depend on DP (Pig. On the other hand, it is one of the most interesting specific features of LC polymers, allowing to affect the anisotropic liquid LC phase and to control its properties and to fix (by cooling below T3) LO structure with inherent anisotropy of mechanical, optical, electric and other properties in a solid material (refs. 3-5,11-13).
e) The importance of the chain length is manifested at the studies of orientation of LC polymers. Recently at least two quite opposite orientations of mesogenic groups for one and the same polymer, depending on DP, were found (ref. (refs. 28-29) It is seen in Pig.4 that at small DP mesogenic groups are oriented in the direction of the force action, i.e. in the same direction as the molecules of low molecular weight liquid crystals. If some value of DPriS exceeded, quite opposite orientation is observed. Different orientations of mesogenic groups are, evidently, determined by the ratio of the rates of rearrangement of mesogenic groups and main chains under the action of the mechanical field affecting different structural elements of a polymer sample at different DP. 
f) It should be noted that the main chain flexibility affects the temperature range of LC phase ( Table 1) . As is seen from Table 1 when flexibility of the polymer backbone increases from polymethacrylates to polysiloxanes (a drop of T9), an elevation of clearing temperature for polymers with oxycyanobiphenyl groups is observed, while for polymers with methoxyphenylbenzoate groups Tct decreases. Different phase behavior of the two groups of polymers is, probably related to different types of mesophases formed by these two groups of polymers, however, the problem of the importance of the main chain flexibility in the formation of LC state of polymers and its effect on mesophase type and Tc cannot be considered as completely elucidated.
Spacer-groups
a) The main function of a spacer is to provide autonomy in the behavior of side mesogenic groups. There is certain correlation between the main and side chains for polymers without spacers. This correlation disappears for comb-like polymers, especially when spacers become longer. That is clearly shown by the data of studies of birefringence in solutions and by the comparison of the values of optical anisotropy (-) and Kerr constant, K, (characterizing in fact the degree of binding of various structural units) ( Table 2 ) (ref. 25) . It is seen that "separation" of a mesogenic fragment from the main chain by "polymethylene bridge" consisting of 10 methylene units results in a drastic decrease in the correlation of side groups and backbone orientation.
b) The other not less important function of spacers is related to their plasticizing effect on polymer, Pigs. 2 and 5 show that an increase in the Monomer of polymerl -+0.21 [
spacer length results in the T shift towards lower temperatures.
c) The mesophase type can be greatly affected by the spacer group length.
More than 4-6 methylene units in a spacer group give a possibility to transform the nematic mesophase to smectic one under other similar conditions.
d) The flexibility of a spacer group considerably affects the formation of LC mesophase (Table 3) . 6. Let us consider now the structure of smectic, nematic and cholesteric mesophases. Tables 4 and 5 . -OH
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The character of the arrangement of mesogenic groups in mesophase (Pig.6) may be displayed by X-ray diffraction analysis. Side groups of adjacent macromolecules in smectics A are arranged, as a rule, parallel or antiparallel to each other; packing with partial or full overlapping of side groups is also possible (Pig.7). Mesogenic groups form a one-layer or a two-layer packing. Depending on ordered or disordered arrangement of me sogenic groups in layers there are ordered smectics (B,E,I,P and G) and disordered smectics (A,C).
A specific feature of smectics A and C is the presence of a wide diffuse halo in X-ray diagrams at wide angles and ordered smectics are characterized by a narrow reflex at wide angles (Fig.8a) . LGIBXV4OJ X-ray patterns of cholesterol containing polymers (,olymers 1-4, Table 8 ) display a wide diffuse halo at wide angles (5.8-6.2A) and a number of intensive small angle reflexes showing the formation of layer structures. Depending on the spacer group length (n 10) one-layer packing may be formed, where mesogenic groups of adjacent macromolecules are antiparallel (Pig.6a). In the case of short spacer groups (n'=5) two-layer packing is observed (Fig.6c) ; an intermediate type of packing with overlapping of allphatic fragments of cholesterol tails is also possible (Fig.6d) . The types of layer packing considered actually correspond to smectic mesophase, formed at temperatures lower than that of smectic-cholesteric transition ( A helical structure of cholesteric mesophase determines its unique feature, namely, selective light reflection in an IR-., UV-or a visible part of the spectrum. Varying the composition of cholesteric copolymers, it is possible to control the value of 'Am which is related to the helix pitch, P, by the relationship Pn where n is the average refractive index (Table 8) .
If a copolymer forms only a cholesteric mesophase then, as a rule, the helix pitch has a weak temperature dependence over the whole temperature range. A drastic temperature dependence of P, (determining the high selectivity of cholesterics) is observed near the cholesteric-smectic transition.
Since cholesterol containing polymers are characterized by layer ordering, Pig.12. Temperature dependence of structural parameters calculated from X-ray diffraction curves at wide (a) and small (b) angles of polymers 2(1) and 4(2) ( Table 8 ). the introduction of cholesterol containing monomer units into macromolecules of a nematic polymer, increasing the trend to the formation of layer structures, results in the appearance of strong helix pitch temperature dependence (Pig.13a).
Specific macromolecular nature of LO polymers permits to"freeze the colour" of polymeric cholesteric,s by cooling their films below T. Using an electric field it is possible to deform and untwist the cholesteric helix and as a result the colour of polymeric films is changed (Pig.13b).
Thus, LC polymers with side mesogenic groups behave in many respects as low molecular weight liquid crystals. Simultaneously the specific polymer nature of these compounds permits to obtain and fix a number of new (or intermediate) structures due to the action of external fields on the mobile anisotropic LC phase with the following freezing of these structures in a solid state.
